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(57) ABSTRACT 

A laminated semiconductor chip assembly fabricated by 
?xing back surfaces of ?rst and second semiconductor chips, 
respectively having principal surfaces and back surfaces, to 
each other. Each of the principal surfaces of the laminated 
semiconductor chip assembly is ?xed to a corresponding 
surface of a lead frame. A standing linear portion of a 
metallic Wire on a ball bond side is pulled parallel to a side 
surface of the semiconductor chip in its thickness direction 
and a side surface of the inner lead in its thickness direction, 
and subjected to Wire bonding. The formed semiconductor 
chip assembly is covered by a sealing resin so that an outer 
lead protrudes from the sealing resin. Thus, the semicon 
ductor device can be made thin, cost can be reduced, and 
quality can be improved to increase capacities of electronic 
equipment. 

2 Claims, 10 Drawing Sheets 
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JOINING AND FIXING PRINCIPAL SURFACE 
OF SEMICONDUCTOR CHIP AND ONE 
SURFACE OF INNER LEAD TOGETHER 

i 
JOINING’ BACK SURFACES OF 

SEMICONDUCTOR CHIPS TO EACH OTHER, 
FORMING LAMINATED SEMICONDUCTOR CHIP ASSEMBLY 

1 

LOCATING INNER LEAD ON LAMINATED 
SEMICONDUCTOR CHIP ASSEMBLY , MOUNTING 

LAMINATED SEMICONDUCTOR CHIP ON WIRE BONDING 
JIG, PRESSING AND FIXING UPPER SIDE OF INNER 
LEAD WITH LEAD SECURING JIG, AND BONDING TO 
PRINCIPAL SURFACE BY BALL BONDING AND TO INNER 

LEAD BY STITCH BONDING 

f 

POSITIONING SEMICONDUCTOR 
CHIP HAVING PRINCIPAL SURFACES ON INNER LEAD, 
MOUNTING SEMICONDUCTOR CHIP ASSEMBLY ON WIRE 

BONDING JIG PRESSING AND FIXING UPPER SIDE OF 
INNER LEAD WITH LEAD SECURING JIG, AND BONDING 
TO INNER LEAD BY BALL BONDING AND TO PRINCIPAL 

SURFACE BY STITCH BONDING 

SEALING RESIN 

SEPARATING TIPS OF OUTER LEADS 
CONTINUOUSLY FORMED IN FRAME OF LEAD FRAME 
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SEMICONDUCTOR DEVICE AND A 
METHOD OF PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a technology effective for 

tendencies toward high capacities and thin bodies of semi 
conductor devices. 

2. Discussion of Background 
In accordance With a tendency of high capacities of 

memory ICs in accordance With a tendency of a variety of 
functions of electronic equipments, a semiconductor device, 
called Multi Chip Package (MCP), Which is formed by tWo 
semiconductor chips sealed by a sealing material, is devel 
oped. 

FIG. 10 is a cross-sectional vieW in a process of Wire 
bonding for manufacturing a conventional MCP, disclosed 
in Japanese Unexamined Patent Publication JP-A8-181165. 
To one surface, i.e. an active surface 1b, doWnWard posi 
tioned in FIG. 10, of a double-sided semiconductor chip 1 
having an active surface 1a and the active surface 1b, a 
single surface 2a of an inner lead, upWard positioned in FIG. 
10, is ?xed by a bonding material 3. One end of an Au Wire 
4 is connected to pads (not shoWn), formed on the active 
surface 1a and the active surface 1b, by a ball bond 4c. The 
other end of the Au Wire is connected to the one side 2a of 
the inner lead and the other side 2b of the inner lead by a 
stitch bond 4d. This Wire bonding method is called a forWard 
Wire bonding method, by Which the Wire is subjected to ball 
bonding to a pad on a semiconductor chip and to stitch 
bonding to a lead frame. 

FIG. 10 is a cross-sectional vieW in a stage before a 
process of sealing by a sealing resin. In order to cover a top 
end portion of the Au Wire 4 to seal by the sealing resin, a 
height A of the top end portion of the Au Wire upWard 
extended from the active surface 1a, a thickness B of the 
double-sided semiconductor chip 1, and a dimension A to a 
top end portion of the Au Wire doWnWard extended from the 
active surface 1b determine a thickness as a sum, i.e. 
A+B+A, under a state that MCP is sealed. 

Further, in the conventional semiconductor device, a step 
is formed in the inner lead 2 so as to reduce a difference 
betWeen heights of the ball bond 4c and the stitch bond 4a' 
in order to prevent a contact betWeen the Au Wire 4 and an 
outer periphery of the semiconductor chip 1. 

HoWever, in the above-described conventional semicon 
ductor device, the step of the inner lead is formed by 
bending. Therefore, a tolerance of :10 pm exists in the step 
of the inner lead, formed at a time of mass production. On 
the other hand, the inner lead 2 is deformed as much as an 
actual tolerance betWeen the jig and the inner lead When the 
inner lead 2 is tightened and ?xed for Wire bonding by a 
supporting jig machined to have predetermined dimensions 
and a lead securing jig 6 machined to have predetermined 
dimensions. When the Wire bond is completed and the 
securing jigs are removed, the inner lead shoWs a returning 
motion by an amount of a forcible displacement of the inner 
lead. By this motion of the inner lead, ?xed ends of the Au 
Wire 4, already Wire bonded, namely the ball bond 4c and the 
stitch bond 4d, are displaced, Whereby a quality in the Wire 
bonding process becomes unstable. 

Further, a dimension of the step of the inner lead having 
the bending tolerance makes the quality and the sealing 
process unstable because a cross-sectional area of a How 
path of a resin is changed. 
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2 
On the other hand, by providing the ball bond 4c in the 

pad positioned on the active surface 1b and the stitch bond 
in the inner lead 2b, it is impossible to make the thickness 
after sealing thin because even though a step having a 
dimension C, obtained by adding the plate thickness of the 
inner lead 2 to the thickness of the bonding material 3, is 
provided betWeen the ball bond and the stitch bond, the inner 
lead is formed on one of the surfaces, i.e. the active surface, 
of the double-sided semiconductor chip, and is subjected to 
the forWard Wire bonding in the pad, the total thickness of 
the semiconductor (MCP) depends on the sum A+B+A, of 
the height A of the loop, upWard extended from the active 
surface 1a, the thickness B of the double-sided semicon 
ductor chip 1, and the dimension A of the loop of the Au 
Wire, doWnWard extended from the active surface 1b. 

Further, the supporting jig 5 used for Wire bonding does 
not deform the tWo surfaces having the steps and the Au Wire 
4 by simultaneously supporting tWo surfaces of the back 
surfaces 2b of the inner lead 2, bent to have the tWo steps, 
as illustrated in FIG. 10. Therefore, a third recess is further 
required to prevent a contact of the Au Wire 4, doWnWard 
protruded by the dimension D from the back surface 2b of 
the inner lead 2. Accordingly, it is necessary to prepare the 
supporting jig 5 having three step surfaces, and, it is tech 
nically dif?cult to process the tWo surfaces having the steps 
so as to simultaneously support the tWo back surfaces 2b of 
the inner lead 2, having the tolerances, Whereby such a 
process is complicated and increases a cost. 

Further, When forWard Wire bonding is conducted, it is 
impossible to make the double-sided semiconductor chip 
Without using a semiconductor chip of a center pad 
arrangement, of Which pad is arranged in a center of an 
active surface, and a semiconductor chip of a peripheral pad 
arrangement, of Which pad is arranged in a periphery of the 
active surface. Therefore, it is impossible to make a double 
sided semiconductor chip achieving a requirement that MCP 
is fabricated by tWo memory semiconductor chips so as to 
double a memory capacity. 

Further, in order to fabricate MCP using tWo memory 
semiconductor chips to double a memory capacity, Japanese 
Unexamined Patent Publication JP-A-11-163255 discloses 
that a Lead On Chip (LOC) structure, formed by ?xing tWo 
sheets of frames to tWo active surfaces, is adapted, Au Wires 
are subjected to forWard Wire bonding betWeen pads and 
corresponding inner leads, and an entirety is covered by a 
sealing resin. 

In this case, as long as the forWard Wire bonding is 
adapted, the thickness of an entire MCP is resultantly a sum 
A+B+A of a height A of a loop of the Au Wire, upWardly 
extended from the active surface 1a, the thickness B of the 
double-sided semiconductor chip 1, and a dimension A of a 
loop of the Au Wire, doWnWardly extended from the active 
surface 1b, Whereby it is impossible to reduce the thickness 
of the MCP in a similar manner to that in Japanese Unex 
amined Patent Publication JP-A-8-181165. 

Further, because tWo sets of LOC structures, formed by 
joining an inner lead by a joining agent, are prepared on the 
active surfaces of the semiconductor chip, tWo expensive 
frames are required. Further, in a manufacturing process of 
integrating the tWo sets of LOC are bonded back to back, it 
becomes necessary to add accurate Welding for bonding the 
tWo sheets of the lead frames With a high accuracy and ?xing 
each other, Whereby there is a draWback that a production 
cost is further increased. 

SUMMARY OF THE INVENTION 

An object of the present invention to provide a semicon 
ductor device having a thin body by solving the de?ciencies 
of the conventional semiconductor device. 



US 6,583,511 B2 
3 

Another object of the present invention is to provide a 
semiconductor device having a thin body at a loW cost. 

Another object of the present invention is to provide a 
method of manufacturing a semiconductor device having a 
thin body at a loW cost With a higher quality. 

According to a ?rst aspect of the present invention, there 
is provided a semiconductor device comprising: 

a laminated semiconductor chip including a ?rst semi 
conductor chip and a second semiconductor chip, 
respectively having a principle surface being active 
surfaces having pads and a back surface, Which is 
laminated by ?xing the back surface of the ?rst semi 
conductor chip to the back surface of the second 
semiconductor chip by a ?rst joining material; 

a lead frame integrally formed out of a sheet of a ?at plate 
so as to have an inner lead and an outer lead; 

a second joining material; 
metallic Wires; and 
a sealing material, Wherein 
a second surface of the inner lead is ?xed to the principle 

surface of the ?rst semiconductor chip by a second 
joining material, 

the metallic Wire is bonded to the second surface of the 
inner lead and a pad on the second semiconductor chip 
by adverse Wire bonding, 

the metallic Wire is bonded to the pad on the ?rst 
semiconductor chip and the ?rst surface of the inner 
lead by forWard Wire bonding, 

the inner lead, the laminated semiconductor chip, the 
metallic Wires, and the second joining material are 
covered by the sealing resin, and 

the outer lead is protruded from an interfacial surface of 
the sealing resin. 

According to a second aspect of the present invention, 
there is provide the semiconductor chip, Wherein a memory 
semiconductor chip is used as the laminated semiconductor 
chip. 

According to a third aspect of the present invention, there 
is provided a method of manufacturing a semiconductor 
device comprising: 

a ?rst Wire bonding step of using a supporting jig having 
a ?rst supporting surface and a second supporting 
surface and a lead securing jig having a through hole, 
of making a second surface of an inner lead be in 
contact With the ?rst supporting surface of the support 
ing jig and making a principle surface of a semicon 
ductor chip be in contact With the second supporting 
surface of the supporting jig, of interposing, tightening, 
and ?xing the inner lead by making the lead securing 
jig be in contact With the ?rst surface of the inner lead, 
of bonding an end of a metallic Wire to a pad of the 
semiconductor chip by means of ball bonding in an 
opening portion of the through hole, and of electrically 
connecting a standing linear portion of the ball bond to 
a tip end portion of the ?rst surface of the inner lead by 
means of stitch bonding by pulling the standing linear 
portion in parallel With a thickness surface of a tip end 
portion of the inner lead; and 

a second Wire bonding step of using a supporting jig 
having a ?rst supporting surface and a second recessed 
surface and a lead securing jig having a through hole 
having dimensions larger than dimensions of the semi 
conductor chip, of making the ?rst surface of the inner 
lead, processed in the ?rst Wire bonding step, be in 
contact With the ?rst supporting surface of the support 
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4 
ing jig, of interposing, tightening, and ?xing the inner 
lead by making a second surface of the inner lead be in 
contact With the lead securing jig, of bonding an end of 
a metallic Wire to the second surface of the inner lead 
by means of ball bonding in an opening portion of the 
through hole, and of electrically connecting a standing 
linear portion of the ball bond to a pad of the semi 
conductor chip by means of stitch bonding by pulling 
the standing linear portion of the ball bond in parallel 
With a side surface of the semiconductor chip. 

According to a fourth aspect of the present invention, 
there is provided a method of manufacturing a semiconduc 
tor device comprising: 

a ?rst Wire bonding step of using a supporting jig having 
a ?rst supporting surface, a second supporting surface, 
and an elastic material on the second supporting 
surface, and an lead securing jig having a through hole, 
of making a second surface of the inner lead be in 
contact With the ?rst supporting surface of the support 
ing jig and making a principle surface of a semicon 
ductor chip be in contact With the elastic material, of 
interposing, tightening, and ?xing the ?rst surface and 
the second surface of the inner lead by making the lead 
securing jig be in contact With the ?rst surface of the 
inner lead, and of electrically connecting a pad of the 
semiconductor chip to a ?rst surface of the lead in an 
opening portion of the through hole by means of 
forWard Wire bonding, and 

a second Wire bonding step of using a supporting jig 
having a ?rst supporting surface and a second recessed 
surface and an lead securing jig having a through hole 
of dimensions larger than dimensions of a semiconduc 
tor chip, of making the ?rst surface of the inner lead, 
processed in the ?rst Wire bonding step, be in contact 
With the ?rst supporting surface of the supporting jig, 
of interposing, tightening, and ?xing the ?rst surface 
and the second surface of the inner lead by making the 
lead securing jig be in contact With the second surface 
of the inner lead, and of electrically connecting the 
second surface of the inner lead to a pad of the 
semiconductor chip in an opening portion of the 
through hole by means of adverse Wire bonding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many 
of the attendant advantages thereof Will be readily obtained 
as the same becomes better understood by reference to the 
folloWing detailed description When considered in connec 
tion With the accompanied draWings, Wherein: 

FIG. 1 is a cross-sectional vieW of a semiconductor device 
according to Embodiment 1 of the present invention; 

FIG. 2 illustrates a bottom of the semiconductor device 
illustrated in FIG. 1 in a state that a loWer sealing resin is 

removed; 
FIG. 3 is a plan vieW of the semiconductor device 

illustrated in FIG. 1 in a state that an upper sealing resin is 
removed; 

FIG. 4 is a side vieW of a metallic Wire; 
FIG. 5 is a How chart illustrating a process of manufac 

turing the semiconductor device according to Embodiment 1 
of the present invention; 

FIG. 6a is a cross-sectional vieW of the semiconductor 
device in the process of manufacturing the semiconductor 
device illustrated in FIG. 5; 

FIG. 6b is a cross-sectional vieW of the semiconductor 
device in the process of manufacturing the semiconductor 
device illustrated in FIG. 5; 
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FIG. 6c is a cross-sectional vieW of the 
device in the process of manufacturing the 
device illustrated in FIG. 5; 

FIG. 6a' is a cross-sectional vieW of the 
device in the process of manufacturing the 
device illustrated in FIG. 5; 

FIG. 66 is a cross-sectional vieW of the 
device in the process of manufacturing the 
device illustrated in FIG. 5; 

FIG. 7 is a cross-sectional vieW of the semiconductor 
device for explaining forWard Wire bonding in Embodiment 
1; 

FIG. 8 is a cross-sectional vieW of the semiconductor 
device for explaining adverse Wire bonding in Embodiment 
1; 

FIG. 9 is a cross-sectional vieW of a semiconductor device 
for explaining forWard Wire bonding in Embodiment 2; and 

FIG. 10 is a cross-sectional vieW of a conventional 
semiconductor device in a Wire bonding process. 

semiconductor 
semiconductor 

semiconductor 
semiconductor 

semiconductor 
semiconductor 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A detailed explanation Will be given of preferred embodi 
ments of the present invention in reference to FIGS. 1 
through 9 as folloWs, Wherein the same numerical references 
are used for the same or similar portions and descriptions of 
these portions is omitted. 
Embodiment 1 

In Embodiment 1, a semiconductor device of a thin small 
out-line package (TSOP) type, in Which outer leads are 
draWn out of tWo sides among four sides of a substantially 
hexahedron, formed by sealing tWo semiconductor chips 
having center pads by a sealing resin having a thickness of 
1 mm, Will be described. 
A lead frame used in Embodiment 1 is continuously 

formed so that an inner lead and an outer lead are integral by 
processing a sheet of thin ?at plate by etching or stamping. 
It is preferable to provide conductive metallic plating such 
as silver plating, palladium plating, and gold plating on areas 
subjected to Wire bonding on tWo surfaces forming the inner 
lead. 

The lead frame continuously formed like a sheet of ?at 
plate so that the inner lead and the outer lead are integral 
means a lead frame, continuously formed on a tWo 
dimensional ?at surface in terms of the euclidean geometry 
so that the inner lead and the outer lead are integral. 

FIG. 1 is a cross-sectional vieW of a semiconductor device 
according to this embodiment. FIG. 2 illustrates a bottom 
surface of the semiconductor device illustrated in FIG. 1 in 
a state that a loWer sealing resin is removed. FIG. 3 is a plan 
vieW of the semiconductor device illustrated in FIG. 1 in a 
state that an upper sealing resin is removed. FIG. 4 is a side 
vieW of a metallic Wire. 
As illustrated in FIG. 1, a principle surface 10a of a ?rst 

semiconductor chip 10 is ?xed to one surface, ie a second 
surface 14b of the inner lead in FIG. 1, of the inner lead by 
a second joining material 15. Further, a back surface 12b of 
a second semiconductor chip 12 is ?xed to a back surface 
10b of the ?rst semiconductor chip 10 by a ?rst joining 
material 18, Whereby a laminated semiconductor chip 100 is 
fabricated. 

In FIG. 1, a ?rst surface 14a and a second surface 14b of 
the inner lead 14, respectively corresponding to a pad 11 and 
a pad 13, respectively formed in the ?rst semiconductor chip 
10 and the second semiconductor chip 12 are shoWn. As 
illustrated in FIG. 4, an end 166 of a metallic Wire 16a of 
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6 
metallic Wires 16 is bonded to a pad 11 by a ball bond 16c, 
and the other end of the metallic Wire 16a is bonded to the 
inner lead 14a by a stitch bond 16d, Wherein such a 
connection is called forWard Wire bonding (method), con 
ducted to electrically connect and Wire. Further, an end of a 
loWer metallic Wire 16b in FIG. 1 is bonded to the inner lead 
14b by a ball bond 16c and the other end of the metallic Wire 
16b is bonded by a stitch bond 16d, Wherein such a con 
nection is called adverse Wire bonding (method), conducted 
to electrically connect and Wire. 

Dimensions affecting the thickness of the semiconductor 
device Will be described in reference of FIGS. 1 and 4. A 
height difference, ie a dimension of a step betWeen the ball 
bond 16c and the stitch bond 16d is referred to as C. The 
metallic Wire 16 stands from the ball bond 16c, Which is 
fused and joined by applying a thermal energy, a contact 
force, and a mechanical energy of a supersonic vibration, so 
as to be pulled up in a standing linear portion 166, and is bent 
by about 90°. Thereafter, the metallic Wire is horiZontally 
extended to a position of the stitch bond. Then, a thermal 
energy, a contact force, and a mechanical energy of a 
supersonic vibration are applied again to the metallic Wire to 
fuse and join by the stitch bond 16d. A dimension from the 
ball bond to a top end portion, substantially vertically pulled 
up, of the metallic Wire 16, ie a loop height, is designated 
by A. A loop height of the metallic Wire 16 from the stitch 
bond is designated by D. 

In Embodiment 1, as illustrated in FIGS. 1 and 2, one end 
of the metallic Wire 16a is bonded to the pad 11 of the ?rst 
semiconductor chip 10 by ball bonding, and the other end is 
connected to the ?rst surface 14a of the inner lead 14 by 
stitch bonding, i.e. forWard Wire bonding. On the other hand, 
an end of the metallic Wire 16b is bonded to the second 
surface 14b of the inner lead 14 by ball bonding, and the 
other end is connected to a pad 13 of the semiconductor chip 
12 by stitch bonding, i.e. adverse Wire bonding. 

After completely Wire bonding, the inner lead 14, the 
semiconductor chips 10 and 12, the metallic Wires 16a and 
16b, and the ?rst and second joining materials 18 and 15 are 
covered by a sealing resin 17, and an outer lead 19 is 
protruded from a sealing interfacial side of the sealing resin 
17, and the outer lead 19 is bent and shaped like gull Wings, 
Whereby the semiconductor device described in Embodi 
ment 1 and illustrated in FIG. 1 is obtainable. 

In Embodiment 1, a dimension from a top of the loop 
height dimensionAof the metallic Wire 16a are subjected to 
forWard Wire bonding to a top of the loop height of the 
metallic Wire 16b, being a loWer end, subjected to adverse 
Wire bonding determines the thickness of the semiconductor 
device. Therefore, the ball bond of the metallic Wire 16b is 
positioned on the second surface 14b of the inner lead, and 
the metallic Wire 16b is subjected to adverse Wire bonding 
after substantially vertically, ie in a vertically doWnWard 
direction from the second surface 14b of the inner lead, 
pulling up in parallel With side surfaces, i.e. thicknesses, of 
the semiconductor chips 10 and 12, Whereby a protruding 
dimension of the metallic Wire from the active surface 12a 
of the semiconductor chip 12 becomes D, Wherein the total 
thickness of the semiconductor device is D+B+A, being a 
sum of D, the thickness B of the laminated semiconductor 
chip, and a loop height A. 

In the semiconductor device according to Embodiment 1, 
dimensions of essential components A+B+A, determining 
the thickness of a conventional semiconductor device, is 
reduced to A+B+C by C=A—D. 

In the next, a method of manufacturing the semiconductor 
device according to Embodiment 1 Will be described. FIG. 
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5 is a How chart, ie a process How chart, illustrating 
sequential steps in a process of manufacturing the semicon 
ductor device. FIGS. 6a through 66 are cross-sectional vieWs 
in the sequential steps in a process of manufacturing the 
semiconductor device illustrated in FIG. 5. FIG. 7 is a 
cross-sectional vieW of the semiconductor device in forWard 
Wire bonding. FIG. 8 is a cross-sectional vieW of the 
semiconductor device in adverse Wire bonding. 
As illustrated in FIG. 6a, the back surface 10b of the 

semiconductor chip 10 is positioned so as to be in contact 
With a planer supporting jig (not shoWn), the second joining 
material 15 is attached to both sides other than an area of the 
center pad 11 to the principle surface 10a. The second 
surface 14b of the inner lead 14 is mounted on and joined to 
the second joining material 15, Whereby a ?rst die bonding 
Step S200 in FIG. 5 is completed in order to evenly and 
certainly join on entire surfaces of bonding surfaces, it is 
preferable to mount a planer securing jig (not shoWn) on the 
?rst surface 14a of the inner lead 14 and apply an equal 
pressure on the planer securing jig. Further, in order to 
completely join the second joining material 15, it is 
preferable, When necessary, to add a curing step for com 
pletely accelerate the cure by increasing the temperature. 
When the ?rst die bonding Step S200 is completed, a 

condition of a ?at surface of the ?rst surface 14a of the inner 
lead 14 is that, as illustrated in FIG. 3, the second joining 
material 15 is exposed in gaps betWeen the inner leads 14 
adjacent each other, and the principle surface 10a of the 
semiconductor chip 10 is exposed in areas Where the second 
joining material 15 is not joined, namely an outer peripheral 
area of the principle surface 10a of the semiconductor chip 
10 and a central area of the semiconductor chip, in Which the 
center pad 11 is arranged. 

In the next, as illustrated in FIG. 6b, the inner lead 14, 
processed in the ?rst die bonding Step S200, is turned upside 
doWn so that the ?rst surface 14a of the inner lead 14 is 
settled so as to be in contact With the planer supporting jig 
(not shoWn), and the ?rst joining material 18 is attached to 
the back surface 10b of the semiconductor chip. Thereafter, 
the semiconductor chip 12 to be joined and ?xed is joined. 
For example, the back surface 12b of the semiconductor chip 
12 is joined by putting on the ?rst joining material 18 in a 
state that the center pad 11 of the semiconductor chip 
illustrated in FIG. 3 is rotated by 180° around the rotational 
axis of a chip central line, to be arranged, namely a central 
line parallel to a longitudinal side of the chip in FIG. 3. As 
illustrated in FIG. 2, the semiconductor device is formed 
such that pin numbers are the same on left and right sides, 
and up and doWn sides are reversed. After completing this 
joint, a second die bonding step S210 illustrated in FIG. 5 is 
completed. 

In a case that tWo pieces of the same semiconductor chips 
are not used, and a laminated semiconductor chip is fabri 
cated in use of semiconductor chips 10 and 12 having 
different center pad arrangements in a mutually reversed 
state, as described above, it is needless to say that the 
semiconductor chips are not joined by rotating by 180° 
around a rotating axis of a chip center line, ie a central line 
in parallel to a longitudinal side of the chip in FIG. 3, to 
Which the center pads 11 of the semiconductor chip are 
aligned. 

In the second die bonding step S210, it is preferable to 
apply a uniform pressure on the planer securing jig (not 
shoWn) to ensure the joint after mounting the semiconductor 
chip 12 on the ?rst joining material 18 and further mounting 
a chip protecting tape (not shoWn) thereon, in terms of a 
protection of the principle surface 12a of the semiconductor 
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chip. Further, it is possible to add a curing step for increasing 
a temperature to promote a complete curing When necessary 
in vieW of a complete adhesion of the second joining 
material 15. The above-described sequential curing step can 
be conducted together after the ?rst die bonding step S200 
and the second die bonding step S210 are completed. 

In the next, as illustrated in FIG. 7, a supporting jig 20 and 
an lead securing jig 30 are prepared, Wherein the supporting 
jig 20 has a ?rst supporting surface 20a, and a second 
supporting surface 20b, being a recessed bottom surface 
formed Within an area of the supporting surface 20a, 
recessed by a step dimension of F, and the lead securing jig 
30 has a securing surface 30a, and a through hole 31 formed 
Within an area of the securing surface 30a. Although the 
Width of the recessed bottom surface of the securing jig 20 
is substantially the same as the Width of the through hole 31, 
the relationship is not limited thereto, and the Width of the 
through hole 31 formed in the securing jig 30 may be 
suf?cient to include positions of the metallic Wire 16a to be 
stitch bonded inside the through hole. 

After putting the second surface 14b of the inner lead 14 
processed in the die bonding steps S200 and S210 on the ?rst 
supporting surface 20a of the supporting jig 20, and simul 
taneously putting the principle surface 12a of the semicon 
ductor chip 12 on the second supporting surface 20b so as to 
be in contact, the securing surface 30a of the lead securing 
jig 30 is put on the ?rst surface 14a of the inner lead so as 
to be in contact, and the inner lead 14 is interposed betWeen 
the supporting jig 20 and the lead securing jig 30 so as to be 
tightened and ?xed. 

Thereafter, the ball bond 16c is formed on the pad 11 of 
the semiconductor chip 10 Within an opening area of the 
through hole 31, the standing linear portion 166 of the ball 
bond is pulled up in parallel to a thickness side of a tip end 
portion of the inner lead, and the metallic Wire is bonded to 
the ?rst surface 14a of the inner lead 14, corresponding to 
the pad 11, by means of the stitch bond 16d to electrically 
connect, Wherein this connection is called forWard Wire 
bonding. Thus a ?rst Wire bonding step S220 illustrated in 
FIG. 5 is completed. 
A side vieW after the ?rst Wire bonding step S220 is 

illustrated in FIG. 6c. FIG. 3 illustrates the state in FIG. 6c 
vieWed from a side, in Which the metallic Wire is connected 
by Wire bonding. 

In the next, as illustrated in FIG. 8, a supporting jig 22 and 
a lead securing jig 32 are prepared, Wherein the supporting 
jig 22 has a ?rst supporting surface 22a and a second 
recessed surface 22b Within an inner area of the ?rst sup 
porting surface 22a having a dimension E, and the lead 
securing jig 32 has a securing surface 32a for securing the 
second surface 14b of the inner lead 14 and a through hole 
33 having a dimension exceeding an area of the semicon 
ductor chips 10 and 12 and an outer peripheral side thereof 
to be ball bonded. 
The ?rst surface 14a of the inner lead 14 processed in the 

?rst Wire bonding step S220 is put on the ?rst supporting 
surface 22a of the supporting jig 22 so as to be in contact. 
A top end portion of the metallic Wire 16a, protruding from 
the ?rst surface 14a of the inner lead, is registered so as to 
be Within an area of the dimension E of the recessed surface 
22b. 

In the next, the securing surface 32a of the lead securing 
jig 32 is put on the second surface 14b of the inner lead so 
as to be in contact, and the inner lead 14 is interposed 
betWeen the supporting jig 22 and the securing jig 32 so as 
to be tightened and ?xed. Thereafter, the metallic Wire 16b 
is bonded to the pad 13 of the semiconductor chip 12, 
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corresponding to the second surface 14b of the inner lead, in 
the area of the opening portion of the through hole 33 by 
means of adverse Wire bonding, Wherein a second Wire 
bonding step S230 illustrated in FIG. 5 is completed. 

In the second Wire bonding step S230, because a portion 
of the laminated semiconductor chip in the dimension E of 
the second recessed surface 22b receives a stress equal to a 
double-end supported beam model having stitch bonding 
point as a load point, the length of the beam E, and end 
portions of the recess as tWo supporting points When the 
stitch bond 16d is formed on the pad 13 to connect the inner 
lead 14 With the laminated semiconductor chip in the 
dimension E of the second recessed surface 22b illustrated 
in FIG. 8, Whereby it is preferable to reduce the dimension 
E of the supporting jig 22. 

Because the metallic Wire 16a is subjected to the forWard 
Wire bonding in the ?rst Wire bonding step S220, the 
dimension E is reduced as small as possible so as to include 
the ?rst surface 14a of the lead frame 14 having the stitch 
bond 16d Within the dimension E. Further, the depth of the 
second recessed surface 22b is larger than the dimension D 
from the stitch bonding point illustrated in FIG. 4. 
Therefore, the recessed surface 22b may be a through hole. 
When the ?rst and second Wire bonding steps are 

completed, as illustrated in FIG. 66, the inner lead, the 
laminated semiconductor chip, the ?rst and second joining 
materials, and the metallic Wire are sealed by the sealing 
resin 17, Whereby a sealing step S240 illustrated in FIG. 5 
is completed. The sealing resin used in Embodiment 1 is not 
speci?cally limited as long as a resin developed for a 
semiconductor device. Further, it is unnecessary to neWly 
design an upper metallic die and a loWer metallic die used 
in the sealing step S240 (molding step) because standard 
metallic dies for a conventional semiconductor device can 
be commonly used. 

In the next, a frame having a single column or multi 
columns arranged like a matrix is used to seal a plurality of 
semiconductor devices at once. Thereafter, it is necessary to 
individually separate the semiconductor devices after the 
molding step S240. Because tip end portions of outer leads 
are continuously formed in a lead frame portion (not shoWn), 
the tip end portion of the outer leads are separated from the 
lead frame portion by a cutting means such as laser pro 
cessing and machine Work, Whereby an individualiZing step 
S250 is completed. 

Finally, the outer leads 19 are shaped like gull Wings as 
illustrated in FIG. 66, Whereby a lead shaping process S260 
is completed. After completing the above-described steps, a 
semiconductor device having a double memory capacity and 
a thin thickness (MCP) illustrated in FIG. 1 is obtainable. 
As described, although the semiconductor device accord 

ing to Embodiment 1 is fabricated by using the laminated 
semiconductor chip, formed by laminating the tWo memory 
semiconductor chips having the center pads, Within the 
single package to double the memory capacity, by fabricat 
ing a laminated semiconductor chip by a semiconductor chip 
and a memory semiconductor chip having a center pad, 
respectively having different functions, it is possible to 
obtain a laminated semiconductor device (MCP) having a 
thin sealing resin, to Which a memory capacity and functions 
are added. 

Further, When the step is formed betWeen the stitch bond 
and the ball bond, as illustrated in FIG. 4, the stitch bond is 
positioned betWeen the top end portion of the metallic Wire 
16b and the ball bond, and forWard Wire bonding or adverse 
Wire bonding is selected to satisfy A=C+D. In this case, the 
thickness of the sealing resin can be improved not only in 
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TSOP but also in TQFP or other plastic packages to dem 
onstrate similar effects. Further, an effect of reducing the 
thickness of the sealing resin can be demonstrated even in a 
semiconductor device, constructed by a tape frame and a 
laminated substrate frame such as BGA and CSP packages. 

Further, When the center pads of the ?rst and second 
semiconductor chips are arranged in same directions on right 
and left sides, and standard pins, connected to the inner 
leads, are inversed upside doWn, the pad of the ?rst semi 
conductor chip and the pad of the second semiconductor 
chip having same phases or same electrical potentials in 
terms of a positional relationship among a poWer source, a 
ground, and I/O inner leads, can be commonly used. 
Therefore, it becomes easy to commonly use the inner lead, 
the number of the inner leads can be reduced, and accord 
ingly the number of the outer leads can be reduced, Whereby 
a siZe of the semiconductor device in its Width direction can 
be reduced. 

Further, since it is necessary to increase the step betWeen 
the center pad and the inner lead, respectively of the second 
semiconductor chip, and the length of the metallic Wire, 
there are dif?cult problems for avoiding a contact betWeen 
the metallic Wire and an edge of the semiconductor chip. 
HoWever, in use of adverse Wire bonding to position a 
portion, possibly being in contact With the edge of the 
semiconductor chip, in the top end position of the metallic 
Wire, the contact betWeen an outer peripheral edge of the 
semiconductor chip and the metallic Wire is easily avoid 
able. 

Further, in Embodiment 1, the second die bonding step 
S210 is conducted after the ?rst die bonding step S200 in 
FIGS. 5 and 6. HoWever, it is possible to conduct the ?rst die 
bonding step S200 after the second die bonding step S210 so 
as to bond the active surface on one side of the laminated 
semiconductor chip to the tip end portion of the inner lead 
by the second joining material after the laminated semicon 
ductor chip is formed, Whereby an effect similar to that in 
Embodiment 1 is demonstrated. 

Further, a back surface of a semiconductor chip having a 
center pad is ?xed to a back surface of a semiconductor chip 
having a peripheral pad, respectively having different 
dimensions, and the semiconductor chip having the center 
pad is bonded by forWard Wire bonding and the semicon 
ductor chip having the peripheral pad is bonded by adverse 
Wire bonding, Whereby effects similar to those in Embodi 
ment 1 are demonstrated. 

It is impossible to avoid surface roughness of the ?rst 
surface and the second surface of the supporting jig 20 
described in Embodiment 1 being 6 pm protrusions and 
recesses in high-precision processing according to the de? 
nition and expression of the surface roughness, JIS B0601. 
Even though the second supporting surface illustrated in 
FIG. 7 is polished, 3 pm protrusions and recesses are 
unavoidable. By directly putting the principle surface 12a of 
the semiconductor chip 12 on the second surface 20a of the 
supporting jig 20 to bond by Wire bonding, there is a danger 
that a polyimide insulating ?lm (not shoWn) on the principle 
surface 12a is damaged. At this time, a material having a loW 
elasticity such as Te?on in a form of a tape or a liquid is 
attached to or coated on the second surface 20a of the 
supporting jig 20, Whereby effects similar to those in 
Embodiment 1 are demonstrated. At this time, if the thick 
ness of the material having the loW elasticity in a state that 
it is attached to the second surface exceeds the surface 
roughness of the supporting jig 20, for example 100 pm, 
effects similar to or better than those in Embodiment 1 are 
demonstrated. 
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Embodiment 2 
A method of manufacturing a semiconductor device 

according to Embodiment 2 of the present invention has 
characteristics that a supporting jig used in a ?rst Wire 
bonding step S220 does not damage a polyimide insulating 
?lm on a semiconductor chip at a time of Wire bonding by 
a material having a loW elasticity formed on a second surface 
of the supporting jig. 

FIG. 9 is a cross-sectional vieW illustrating a forWard Wire 
bond in the method of manufacturing the semiconductor 
device according to Embodiment 2 of the present invention. 

The method of manufacturing the semiconductor device 
according to Embodiment 2 Will be described based on a 
How of the steps illustrated in FIG. 5. In FIG. 5, after 
?nishing a ?rst die bonding step S200 and a second die 
bonding step S210, as illustrated in FIG. 9, a supporting jig 
23 having a ?rst supporting surface 23a, a second supporting 
surface 23b, and an elastic material 21 located on the second 
supporting surface 23b, and a lead securing jig 30 having a 
through hole 31 and a securing surface 30a are prepared at 
a time of conducting second Wire bonding. In FIG. 9, a 
through hole substantially same as a recess in the supporting 
jig 23 is shoWn. HoWever, it is not limited thereto, and the 
through hole 31 formed in the securing jig 30 as a dimension 
that stitch bond of a metallic Wire 16a is included in the 
through hole. 
Asecond surface 14b of an inner lead 14, processed in the 

?rst die bonding step S200 and the second die bonding step 
S210, is mounted on the ?rst supporting surface of the 
supporting jig 23. At the same time, a principle surface 12a 
of a semiconductor chip 12 is put on the elastic material 21 
so as to be in contact. Thereafter, the securing surface 30a 
of the lead securing jig 30 is put on the ?rst surface 14a of 
the inner lead 14. Thereafter, the ?rst surface 14a and the 
second surface 14b of the inner lead 14 are interposed 
betWeen the supporting jig 23 and the lead securing jig 30 so 
as to be tightened and ?xed. 

Thereafter, Within an opening area of an opening portion 
31 of the through hole, formed in the lead securing jig 30, 
a pad 11 of the semiconductor chip 10 is electrically con 
nected to the ?rst surface 14a of the inner lead 14, corre 
sponding thereto, by forWard Wire bonding, Whereby the ?rst 
Wire bonding step S220 is completed. 

Thereafter, in an order illustrated in FIG. 5, a second Wire 
bonding step S230, a molding step S240, an individualiZing 
step S250, and a lead forming step S260 are processed in this 
order, Whereby sequential steps for processing are com 
pleted. 

After completing the above-described steps, the semicon 
ductor device having a thin sealing resin, in Which a lami 
nated semiconductor chip fabricated by tWo semiconductor 
chips having same dimensions and same center pads, illus 
trated in FIG. 1, is obtainable. 

In a structure of the supporting jig 23 described in 
Embodiment 2, a step F of the second supporting surface 
23b recessed from the ?rst supporting surface 23a is larger 
than the step F of the supporting jig 20 described in 
Embodiment 1 by the thickness of the elastic material 21. 
A characteristic of the elastic material 21 is selected by a 

longitudinal modulus of elasticity in a Wire bonding tem 
perature around 240° C. and a heat resistance in the tem 
perature. HereinbeloW, a procedure of determining dimen 
sions of the elastic material 21 Will be described. 
When an end of a metallic Wire 16a is bonded to the center 

pad 11 of the semiconductor chip 10 by a ball bond 16c, the 
elastic material, positioned just beloW the ball bond receives 
a compression load. On the other hand, When the end of the 
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metallic Wire 16a is bonded to the ?rst surface 14a of the 
inner lead 14 by a stitch bond 16d, the elastic member 
similarly receives a compression load because the elastic 
material 21 is positioned just beloW the stitch bond. 

Therefore, the Width Q of the elastic material 21 is 
preferably a Width that the metallic Wire 16a includes a stitch 
bond illustrated in FIG. 9. As illustrated in FIG. 9, When the 
Width of the elastic material is Q mm, a contact area of the 
elastic material, being in contact With the principle surface 
12a of the semiconductor chip, is the contact area S=L><W 
mm2, Where the length of a side in a direction perpendicular 
to the dimension Q is L mm. 

Therefore, the thickness of the elastic material 21 is 
required to be, for example, relative roughness of a surface 
subjected to machine Work of 3 pm or more, in the support 
ing jig 23. More preferably, the thickness is 200 times of the 
relative roughness, (i.e. 0.6 mm) or more. Provided that the 
thickness of the elastic material 21 is T mm, a spring 
constant K in a compressing direction of the elastic material 
is a function of a longitudinal modulus of elasticity E and 
dimensions L, T, and Q, and the spring constant K=E><L>< 
Q/T. When the spring constant K is determined, a deviation 
6 is obtainable from 6=F/K, With respect to a load F. On the 
contrary, When the deviation 6 is suppressed to be a prede 
termined value, because a load F=6><K=6><E><L><Q/T, 
Whereby a most suitable thickness of the elastic material is 
T=6><E><L><Q/F, When the load F and the deviation 6, W, and 
Q are determined. 

In the neXt, a material determining the longitudinal modu 
lus of elasticity E is preferably Te?on, of Which longitudinal 
modulus of elasticity at a temperature around 240° C. does 
not change in an unlinear form. HoWever, an elastic material 
similar to Te?on having a most suitable value can be 
selected in consideration of a relationship With the dimen 
sions of the elastic material. 
When the semiconductor device is manufactured in accor 

dance With the sequential steps of the manufacturing process 
illustrated in FIG. 5 in use of the above-mentioned support 
ing jig 23, the semiconductor device (MCP) illustrated in 
FIG. 1 can be manufactured so as to have a good quality. 

EaXample 1 
The semiconductor chips 10 and 12, obtained by dividing 

(dicing) a Wafer, on Which a plurality of memory semicon 
ductor chips having center pads, abraded to a thickness of 
0.200 mm, into individuals, and a frame having a thickness 
of 0.125 mm are used. The thickness of a ?rst joining 
material for joining back surfaces of the semiconductor 
chips each other is 0.015 mm. Asecond joining material has 
a thickness of 0.035 mm and joins an inner lead to the 
semiconductor chip. 

In use of the above-mentioned constitutional elements 
according to the method of manufacturing the semiconduc 
tor device described in Embodiment 1, the thickness of the 
laminated semiconductor chip is B=0.415 mm. In the neXt, 
a metallic Wire having a diameter of 0.030 mm is bonded so 
that the height of a ?rst loop is A=0.220 mm, and the height 
of a second loop is A=0.51 mm. In this case, D is made 
constant to be 0.09 mm a dimension C of a step betWeen a 
ball bond and a stitch bond is C=0.125+0.035=0.160 mm in 
the ?rst Wire bond, and C=0.415+0.035=0.450 in the second 
Wire bond. A top end portion of the metallic Wire is sealed 
by a sealing resin 17 having a thickness of 0.136 mm, a total 
thickness of the sealing resin of the semiconductor device is 
the thickness of the sealing resin 17 in the top end portion 
of the metallic Wire+C+B+D+the thickness of the sealing 
resin 17 in the top end portion of the metallic Wire=0.997 
mm, Which is smaller than 1 mm. 
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Example 2 

A laminated semiconductor chip is fabricated such that 
the diameter of a metallic Wire is 0.03 mm, a dimension from 
a top end portion of the metallic Wire to an upper surface of 
a sealing resin is 0.08 mm, and the thicknesses of the 
semiconductor chips 10 and 12 are abraded to be 0.150 mm, 
Whereby the thickness of the semiconductor device is 0.785 
mm. 

In use of the structure described in the Embodiment 
according to the method of manufacturing the semiconduc 
tor device, as an abrading technology and a sealing tech 
nology are advanced in future to reduce every dimension of 
A, B, D, and a sealing resin, covering a top end portion of 
a Wire, a requirement that a thickness of a sealing resin of a 
semiconductor device, in Which a laminated semiconductor 
chip is sealed, is 1 mm or less can be easily achieved to 
provide a good quality and similar effects With ease. 
As a condition of constructing the semiconductor device 

described in the Embodiment, the stitch bond is positioned 
betWeen the ball bond of the metallic Wire and the top end 
portion of the metallic Wire, i.e. a relationship A=C+D, 
illustrated in FIG. 4, is maintained. ForWard Wire bonding or 
adverse Wire bonding is selected, and especially adverse 
Wire bonding is applied to a side having a larger step, 
Whereby effects similar to described above can be demon 
strated. 

Further, the tWo semiconductor chips having the same 
siZes are attached back to back in the above. HoWever, 
effects similar to described above can be demonstrated by 
fabricating a laminated semiconductor chip in use of tWo 
semiconductor chips having different siZes. 

Further, in the ?rst Wire bonding step, although the inner 
lead is ?xed by interposing peripheries of the inner lead by 
the securing jig and directly receiving the principle surface 
of the semiconductor chip in the doWnWard direction on the 
machined surface of the supporting jig, there is a case that 
the laminated semiconductor chip is not stabiliZed, and a 
quality of the Wire bond is not stabiliZed. Therefore, it is 
necessary to completely ?X the inner lead With a large force 
by the supporting jig and the securing jig. As a result, the 
force is applied to the principle surface of the semiconductor 
chip in contact With the supporting jig, Whereby there is a 
danger that the surface of the chip is damaged. By making 
the principle surface of the semiconductor chip on the 
supporting jig in contact With the buffer material, the insu 
lating layer on the surface of the chip is prevented from 
being damaged, and the Wire bond is secured. 

In the second Wire bonding step, the ?rst semiconductor 
chip positioned in the doWnWard direction already has the 
Wire bond. Therefore, the ?rst surface of the inner lead is 
received by the supporting jig having the recessed portion of 
the dimension E in the outer side of the portion of the inner 
lead subjected to stitch bonding, and the second surface of 
the inner lead is ?rmly pressed by the securing jig so as to 
be ?Xed, Whereby the principle surface of the ?rst semicon 
ductor chip is not in contact With the supporting jig to avoid 
damages. Further, the joining material is interposed betWeen 
the inner lead and the principle surface of the semiconductor 
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chip. The joining material Works as a buffer material against 
a load caused at time of stitch bonding, Whereby the prin 
ciple surface of the semiconductor chip is not damaged, and 
a secure Wire bond is obtainable. 

The ?rst advantage of the semiconductor device accord 
ing to the present invention is that the thickness of the 
sealing resin can be made thin. 

The second advantage of the semiconductor chip accord 
ing to the present invention is that the memory capacity can 
be doubled. 

The third advantage of the semiconductor device accord 
ing to the present invention is that a quality of joints of the 
metallic Wire is good. 
The advantage of the method of manufacturing the semi 

conductor device according to the present invention is that 
a quality of the joints of the metallic Wire can be further 
improved. 

Obviously, numerous modi?cations and variations of the 
present invention are possible in light of the above teach 
ings. It is therefore to be understood that Within the scope of 
the appended claims, the invention may be practiced other 
Wise than as speci?cally described herein. 

The entire disclosure of Japanese Patent Application No. 
2001-147476 ?led on May 17, 2001 including speci?cation, 
claims, draWings and summary are incorporated herein by 
reference in its entirety. 
What is claimed is: 
1. A semiconductor device comprising: 

a laminated semiconductor chip assembly including a ?rst 
semiconductor chip and a second semiconductor chip, 
having respective principal surfaces having pads and 
back surfaces, the back surface of the ?rst semicon 
ductor chip being laminated to the back surface of the 
second semiconductor chip With a ?rst joining material; 

a lead frame integrally having an inner lead With ?rst and 
second surfaces and an outer lead; 

a second joining material; 
metallic Wires; and 
a sealing resin, Wherein 

a second surface of the inner lead is ?Xed to the 
principal surface of the ?rst semiconductor chip With 
the second joining material, 

a ?rst of the metallic Wires is bonded to the second 
surface of the inner lead and to a pad on the second 
semiconductor chip by reverse Wire bonding, 

a second of the metallic Wires is bonded to a pad on the 
?rst semiconductor chip and the ?rst surface of the 
inner lead by forWard Wire bonding, 

the inner lead, the semiconductor chip assembly, the 
metallic Wires, and the second joining material are 
covered by the sealing resin, and 

the outer lead protrudes from the sealing resin. 
2. The semiconductor device according to claim 1, 

Wherein the laminated semiconductor chip assembly is a 
semiconductor memory chip. 

* * * * * 


